We investigated the effects of amphotericin B (AmB) on the ultrastructure and biochemistry of hepatitis B virus (HBV) core component possesses an immunologically distinct hepatitis B core antigen (HBcAg) reactivity which on further disruption reveals the third HBV-associated antigen, hepatitis B e antigen (21). Also present in the sera of infected individuals are 22-nm HBsAg particles, which have been shown by biochemical analysis to contain approximately 23% lipid by dry weight in addition to protein and carbohydrates (25). Neutral lipids account for 22.3% of this fraction, with 59% of these being cholesterol and cholesterol esters (25). We predicted, therefore, that AmB would have an effect on the structural integrity of HBV particles, assuming the outer lipid membrane to be of approximately the same chemical composition as HBsAg particles. This study was therefore undertaken to determine the ultrastructural effects of AmB on HBV and the 22-nm form of HBsAg as determined by HBV deoxyribonucleic acid (DNA) polymerase activity, electron microscopy (EM), differential ultracentrifugation, and sucrose density centrifugation.
Amphotericin B (AmB) is a member of the polyene group of antibiotics and has been in clinical use since the early 1960s for the treatment of systemic fungal infections. AmB binds specifically to ergosterol in fungi and to cholesterol in the mammalian cell membrane (15) . The integrity of cell membranes is altered as a result of induced changes in the physical properties of the lipid bilayer and is accompanied by the subsequent leakage of intracellular components into the surrounding medium (15) . This effect on cell membranes also allows the increased penetration of other drugs and low-molecularweight substances into cells exposed to AmB . This has been demonstrated in vivo and in vitro for both fungi and mammalian cells when treatment with AmB has been combined with other antimicrobial or chemotherapeutic agents (2, 16, 17, 20) . These properties of AmB have prompted its evaluation as an adjuvant in the chemotherapy of certain human malignancies in addition to its use as an antifungal agent (19, 20) .
AmB and its water-soluble derivative Amb methyl ester have also been shown to have antiviral properties against several different groups of enveloped viruses (11, 14, 24) . Structurally, hepatitis B virus (HBV) is similar to other lipidenveloped viruses in that it has an inner nucleocapsid surrounded by an outer lipoprotein envelope which has hepatitis B surface antigen (HBsAg)-reactive determinants (21) . The intact core component possesses an immunologically distinct hepatitis B core antigen (HBcAg) reactivity which on further disruption reveals the third HBV-associated antigen, hepatitis B e antigen (21) . Also present in the sera of infected individuals are 22-nm HBsAg particles, which have been shown by biochemical analysis to contain approximately 23% lipid by dry weight in addition to protein and carbohydrates (25) . Neutral lipids account for 22.3% of this fraction, with 59% of these being cholesterol and cholesterol esters (25) . We predicted, therefore, that AmB would have an effect on the structural integrity of HBV particles, assuming the outer lipid membrane to be of approximately the same chemical composition as HBsAg particles. This study was therefore undertaken to determine the ultrastructural effects of AmB on HBV and the 22-nm form of HBsAg as determined by HBV deoxyribonucleic acid (DNA) polymerase activity, electron microscopy (EM), differential ultracentrifugation, and sucrose density centrifugation.
MATERIALS AND METHODS HBV and HBsAg. Partially purified HBV and purified 22-nm HBsAg particles were obtained as previously described from a chimpanzee chronically infected with HBV (10, 22) . Radioiodinated purified HBsAg particles were prepared as described by Skelly et al. (23) . HBV-associated DNA polymerase activity was determined by the method of Howard (9) ter as a 500-,ug/ml stock solution and frozen at -70°C in 1-ml aliquots until used. All incubations with AmB were performed in the dark at 25°C for 24 h.
Plasma for HBV DNA polymerase activity determination was pelleted, and the supematant was discarded (9) . The pellet was diluted with human serum negative for antibodies to HBsAg and HBcAg to give between 1,000 and 2,000 cpm. Samples (50-il) of the diluted pellet were then treated with equal volumes of AmB to give final concentrations of 5 Samples (250 Ml) of purified 22-nm HBsAg particles were treated with equal volumes of AmB to give final concentrations of 10 to 250 Mg of AmB per ml. In addition, one 250-Ml sample of HBsAg was treated with an equal volume of the nonionic detergent Nonidet P-40 (BDH Chemical Ltd., Poole, England) to give a final concentration of 1% Nonidet P-40, and a control preparation was similarly treated with sterile distilled water. After incubation, all samples were diluted 1:20 with phosphate-buffered saline (Oxoid Ltd.), pH 7.3, and centrifuged in a Sorvall AH650 rotor at 30,000 rpm for 18 h, followed by recentrifugation of the top 4 ml of supernatant at 50,000 rpm for 18 h. The pelleted material was discarded, and the resultant supematants were collected and tested for HBsAg by RIA. To determine whether the HBsAg activity measured by RIA was also detectable by reverse passive hemagglutination, titration of the supernatants for HBsAg by reverse passive hemagglutination was performed.
In addition, 50 pl of radioiodinated HBsAg was treated with 50Ml of AmB to give a final concentration of 250 Mg of AmB per ml. A control was similarly prepared with 50 Ml of TNE buffer, and both were incubated. Each 100-Mul sample was then layered onto parallel 10 to 30% (wt/vol) linear gradients of sucrose buffered with TNE buffer and centrifuged at 23,000 rpm for 18 h in a Beckman SW27 rotor. Fractions (0.5 ml) were collected from the top of each tube, and 100-Ml samples were counted in an LKB model 1280 gamma counter. In addition, each sample was tested for HBsAg by RIA.
RESULTS
Effects of AmB on HBV-associated DNA polymerase activity. HBV-associated DNA polymerase activity in infected plasma showed a consistent dose-response increase, as measured by incorporation of the 3H-labeled nucleotide precursors after treatment with increasing concentrations of AmB (Fig. 1) . The percent increase in activity above control ranged from 11 to 34%. This effect was noted at a concentration of AmB as low as 5 yg/ml and appeared to plateau between 50 and 100 ,ug/ml.
Effects of AmB on partially purified HBV. Comparison of the effects of AmB (250 ,ug/ml)-treated versus untreated control HBV particles, as determined by isopycnic banding in parallel sucrose gradients, is shown in Fig. 2 .
Two peaks of HBsAg activity, as measured by RIA, were demonstrated in the control gradient ( Fig. 2A) . The second HBsAg peak banded at a density of 1.165 
Amphotericin B ug/ml FIG. 1 . Effects of treatment with various concentrations of AmB on HBV-associated DNA polymerase activity (counts per minute) in pelleted HB V-infectedplasma; each point represents the mean ± one standard deviation of eight separate experiments.
1.225 g/ml. In addition, the HBcAg activity after AmB treatment was more than twice that in the control gradient (Fig. 2B) . Also noted was an 84% decrease in activity of the first peak of HBsAg as compared with the parallel control gradient. The distribution of AmB in the gradient was determined by measurement of the optical density at 360 nm, one of the absorption maxima of AmB (data not shown). AmB was found to comigrate exactly with the HBcAg activity. To determine whether there were 27-nm core particles in the AmB-treated HBV gradient fraction with peak HBcAg activity, immune EM, using anti-HBcAg, was performed. Both 27-nm and 45-nm particles were observed clumped together by antibody. Routine EM of the fraction did not reveal aggregated particles.
Ultrastructurally, the AmB induced several distinct changes in the partially purified HBV preparations as observed by negative-stain EM (Fig. 3) . In the control preparation (Fig. 3A) HBV particles appeared to be in some stage of disruption. Also observed at the higher AmB concentrations of 50, 100, and 250 yg/ml was the formation of 5-nm to 7-nm pores in some of the HBV particles (Fig. 3B, inset) . To determine whether these changes were specific for AmB, similar treatment of the HBV particles with 205-,ug of sodium deoxycholate per ml (the concentration present in the 250-,ig/ml AmB solution as Fungizone) was performed. This treatment did not result in any ultrastructural changes as determined by EM. Effects of AmB on HBsAg particles. In Fig. 4 25 pg ofAmB per ml. Arrow indicates a 5-nm pore in HB V particle treated with 250 pg ofAmB per ml. Original magnification, x66,000; bar = 100 nm. 
DISCUSSION
The inability to culture HBV in vitro has made the isolation of large quantities of HBV and HBsAg particles for in vitro studies dependent upon chronically infected human carriers and chimpanzees. HBV and HBsAg particles isolated from chronically infected chimpanzees have been shown to be serologically and biochemically identical to those from infected humans (21, 23) . The production of HBsAg particles and HBV in chronically infected individuals is particularly useful in the study of the effects of polyene antibiotics, such as AmB, on these particles in that the effects of the drug on the intact HBV can be studied separately from the effects on the HBsAg particles. It has been suggested that AmB would not interact with particles in the size range of viruses owing to its preparation as a micelle suspension stabilized with deoxycholate (11) . The results of the experiments in this study clearly indicate that AmB in concentrations as low as 5 [Lg/ml causes significant ultrastructural and biochemical changes in HBV particles. For example, initial experiments showed that treatment of pelleted HBV particles with increasing concentrations of AmB resulted in a corresponding increase in HBV-associated DNA polymerase activity. It is possible that the increasing concentrations of AmB used in these experiments resulted in an increase in the activity of the DNA polymerase enzyme. However, it has been shown that AmB causes the enhanced penetration of both large and small molecules through AmBtreated fungal and animal cell membranes (5, 6, 15, 16) . Therefore, it is more likely that the increase in DNA polymerase activity observed in our experiments was a result of increased penetration of nucleotide precursors through the HBV envelope to the polymerase enzyme within
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Although the effect of AmB on the chemical composition of lipid-enveloped viruses has not been analyzed, previous stqdies have shown the effects of two related polyene antibiotics, filipin and AmB methyl ester, on vesicular stomatitis virus, as measured by buoyant density determination in sucrose gradients; neither study reported any change in density (11, 14) . Our results, however, showed a significant increase in density of AmB-treated HBV from 1.165 to 1.225 g/ml in sucrose gradients. The increase in density was not related to a difference in binding of AmB to HBV, as the AmB was found to comigrate in the gradient with the HBV, similar to the finding for filipin and AmB methyl ester treatments of vesicular stomatitis virus (11, 14) . The increase in density can be partly attributed to the presence of free 27-nm HBV core particles, as demonstrated by immune EM. Also observed on these same grids were 42-nm HBV particles clumped to free HBV core particles. This suggests that AmB not only caused stripping of the lipid envelope away from the core, but also had an intermediate effect in which the physical properties of the HBV were changed in the absence of complete disruption. A similar spectrum of effects on biological membranes has been observed for other amphiphatic molecules (8) .
The exact mechanism of action of AmB on lipid membranes is unknown. Although the association kinetics of AmB with artificial phosphatidylcholine vesicles is independant of sterols, it has been shown that the presence of 3,8- hydroxyl sterols such as cholesterol or ergosterol is necessary for AmB to cause alterations in the permeability of mammalian and fungal cell membranes (4, 7, 15, 26) . The ultrastructural changes caused by AmB in both artificial and naturally occurring lipid membranes have been reported (4, 14, 26) . The EM changes observed have varied from the swelling of artificial cholesterol-containing vesicles because of disorganization of the peripheral concentric lipid bilayer to the actual fragmentation of the membrane as observed with vesicular stomatitis virus (4, 14) . These different effects seem dependent upon the conditions of the experiment and the type of membrane being investigated (15) . The ultrastructural effects of AmB on HBV showed a similar spectrum of change dependent upon the concentration of AmB. At AmB concentrations of higher than 25 ,ug/ml, all HBV particles appeared disrupted to various degrees. The formation of pores or pits, 5 nm to 7 nm in diameter, in the HBV membrane were also observed at high concentrations (Fig. 3B, inset) . Whether these are pores through the entire thickness of the membrane or merely craters caused by the aggregation of membrane-associated particles, as seen in AmB-treated Epidermophyton floccosum, will require further study with more sensitive techniques such as freeze-etch EM (18) . Although deoxycholate is also a detergent compound, treatment of HBV with deoxycholate alone had no effect on the ultrastructural appearance of the HBV particles (8) . This suggests that the observed ultrastructural effects in our experiments are specific for AmB. Others have demonstrated inhibition of the activity of AmB in fungi and human erythrocytes by the addition of exogenous sterols (12) . As inhibition studies were not carried out in our experiments, we cannot comment upon the molecular basis for the observed effects of AmB on HBV.
AmB treatment of HBsAg particles resulted in two structural alterations. First, HBsAg particles were disrupted, resulting in a nonparticulate soluble fraction in which HBsAg immunoreactivity was detectable by RIA but not by reverse passive hemagglutination and was similar in effect to treatment with the nonionic detergent Nonidet P-40. This observation may be similar to that reported for purified influenza hemagglutinin which, in the presence ofthe ionic detergent sodium dodecyl sulfate, will not hemagglutinate erythrocytes. This is thought to be due to the monomeric hemagglutinin subunits being monovalent and attaching to cell receptors at one end only (13) . Alternatively, the decrease in the reverse passive hemagglutination titer observed in our experiments may have been secondary to fragments of HBsAg particles which retained antigenic activity as measured by RIA but were too small to cause cross-bridging of the erythrocytes in the assay. The migration of the immunoreactive HBsAg in sucrose suggests that this HBsAg-reactive material is not composed of solubilized antigenic subunits but rather fragments of HBsAg particles not complexed to AmB.
The second more striking alteration induced by AmB was the loss of specific HBsAg immunoreactivity of HBsAg particles complexed with AmB. This loss of antigenicity was suggested by the results of the HBV density gradient experiment (Fig. 2) . As noted, the 84% decrease in HBsAg activity in the first HBsAg peak, after AmB treatment, was not recovered in any other fraction. This was confirmed by a similar finding after treatment of '251-labeled HBsAg 22-nm particles with AmB. As shown in Fig. 5B , the HBsAg particles which complexed to AmB and were detected in the last fraction of the sucrose gradient lost HBsAg immunoreactivity. The mechanism of this structural alteration is unknown, but may be due to the rearrangement of antigenic glycoprotein subunits in the HBsAg particles by AmB-cholesterol complexes. These results suggest that the structure of HBsAg particles is similar to that of the outer lipid membrane of intact HBV.
From our experiments, it is not possible to predict the effects on HBV and HBsAg particles in AmB-treated patients with chronic HBV infection. The pharmacokinetics of AmB in humans are unusual in that above a daily intravenous dose of 50 mg, it is difficult to demonstrate increases in serum levels above 2 ,ug/ml (1). This is probably due to extensive binding of the drug to sterol-containing membranes throughout the body (1, 3) . Although the concentrations of AmB used in our study were higher than those obtained in the serum of patients, AmB should be evaluated either alone or in combination with other antiviral drugs in the treatment of chronic HBV infections.
